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Abstract not available for JP2000516405T 
Abstract of corresponding document: US6071372 
An RF plasma etch reactor having an etch 
chamber with electrically conductive walls and a 
protective layer forming the portion of the walls 
facing the interior of the chamber. The protective 
layer prevents sputtering of material from the 
chamber walls by a plasma formed within the 
chamber. The etch reactor also has an inductive 
coil antenna disposed within the etch chamber 
which is used to generate the plasma by 
inductive coupling. Like the chamber walls, the 
inductive coil antenna is constructed to prevent 
sputtering of the material making up the antenna 
by the plasma. The coil antenna can take on any 
configuration (e.g. location, shape, orientation) 
that is necessary to achieve a desired power 
deposition pattern within the chamber. Examples 
of potential coil antenna configurations for 
achieving the desired power deposition pattern 
include constructing the coil antenna with a 
unitary or a segmented structure. The segmented 
structure involves the use of at least two coil 
segments wherein each segment is electrically 
isolated from the other segments and connected 
to a separate RF power signal. The unitary coil 
antenna or each of the coil segments can have a 
planar shape, a cylindrical shape, a truncated 
conical shape, a dome shape, or any 
combination thereof. The conductive walls are 
electrically grounded to serve as an electrical 
ground (i.e. anode) for a workpiece-supporting 
pedestal which is connected to a source of RF 
power to create a bias voltage at the surface of 
the workpiece. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

1. Had Protective Layer Which Forms Some Walls Facing Interior of Dirty Chamber. The dirty chamber to 
which it is the dirty chamber which has a chamber wall, and this protective layer can prevent sputtering of 
said chamber wall by the plasma formed within said chamber, Etchant gas fuel injection equipment which 
can introduce an etchant gas into said interior of said dirty chamber In order to hold the work piece etched 
Pedestal arranged in said dirty chamber It is arranged in said dirty chamber. Since said plasma is generated 
in said chamber by inductive coupling, RF energy can be emitted into said etchant gas. RF plasma dirty 
reactor equipped with the induction coil antenna constituted so that sputtering of the antenna by the plasma 
may be prevented. 

2. Reactor given in the 1st term of claim by which said induction coil antenna has one apparatus structure, 
and is combined with the source of RF power. 

3. Reactor given in the 1st term of claim by which it has two or more segments, and this each segment is 
electrically isolated from other segments, and said induction coil antenna is combined with separate RF 
power signal. 

4. It is the reactor given in the 3rd term of a claim to which this common power source can supply each RF 
power signal on different power level and a frequency by said each RF power signal being generated by the 
common RF power source. 

5. Reactor given in the 3rd term of claim to which said each RF power signal is generated by separate RF 
power source, and this each RF power source can supply RF power signal which has different power level 
and frequency. 

6. said dirty chamber — (i) dome shape, the (ii) cylindrical shape or (iii) a truncated-cone form, and ** — the 
reactor given in the 1 st term of a claim which has one configuration. 

7. said dirty chamber — (i) dome shape, the (ii) cylindrical shape or (iii) a truncated-cone form, and ** - the 
reactor given in the 1st term of a claim which has the set configuration which consists of at least two inside. 

8. The location of said induction coil antenna, a configuration, and the sense are a reactor given in the 2nd 
term of a claim from which it is chosen so that RF power deposition pattern in said chamber may be 
adjusted, and said power distribution pattern is made in order to offer the optimal plasma property near the 
front face of the work piece etched within said chamber. 

9. Reactor given in the 8th term of claim used in order that plasma field exceeding said each shielding 
member may be further equipped with at least one grounded shielding member which can decrease amount 
of RF power by which inductive coupling was carried out from said induction coil antenna and said each 
shielding member may adjust further RF power deposition pattern in said chamber to it. 

10. The reactor given in the 9th term of a claim said given shielding member is one of the (i) Faraday shield 
or (ii) conductivity screens. 

1 1 . The reactor given in the 8th term of a claim used in order that it may have further the field generator 
which can generate the blocking field oriented so that the number of the etchant gas ion formed of the 
plasma which moves between said induction coil antennas and said work pieces might be reduced in said 
chamber and this field generator may adjust further RF power deposition pattern in said chamber. 

12. The reactor given in the 1 1th term of a claim said given field generator is any of the (i) permanent 
magnet or the (ii) electromagnet, or one. 

13. Said blocking field generated by said field generator is the reactor given in the 1 1th term of a claim 
which can be changed so that the number of the etchant gas ion which can move between said induction coil 
antennas and said work pieces may be adjusted. 

14. It is the reactor given in the 3rd term of a claim from which said power distribution pattern is made by 
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choosing the location of each segment of said induction coil antenna, a configuration, and the sense so that 
RF power deposition pattern in said chamber may be adjusted so that the optimal plasma property may be 
offered near the front face of said work piece which receives etching within said chamber. 

1 5. Said RF power signal is a reactor given in the 14th term of a claim separately chosen so that RF power 
deposition pattern in said chamber may be adjusted further. 

16. The reactor given in the 14th term of a claim used in order that the plasma field exceeding said each 
shielding member may be further equipped with at least one grounded shielding member which can decrease 
the amount of RF power by which inductive coupling is carried out from at least one of the segments of said 
induction coil antenna and said each shielding member may adjust further RF power deposition pattern in 
said chamber to it. 

17. The reactor given in the 16th term of a claim said given shielding member is one of the (i) Faraday 
shield or (ii) conductivity screens. 

1 8. The reactor given in the 14th term of a claim used in order that it may have further the field generator 
which can generate the blocking field oriented so that the number of the etchant gas ion formed of the 
plasma which moves among said induction coil antenna segments between at least one and said work pieces 
might be reduced in said chamber and said field generator may adjust further RF power deposition pattern in 
said chamber. 

19. The reactor given in the 18th term of a claim said given field generator is any of the (i) permanent 
magnet or the (ii) electromagnet, or one. 

20. The reactor given in the 1 8th term of a claim to which said blocking field generated by said field 
generator can change between the segment of said at least one induction coil antenna, and said work pieces 
so that the number of movable etchant gas ion may be adjusted. 

21. The reactor given in the 2nd term of a claim in which said induction coil antenna has one configuration 
among (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or (iv) dome shape. 

22. The reactor given in the 2nd term of a claim which has the set configuration to which said induction coil 
antenna changes from at least two of (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or 
(iv) dome shape. 

23. The reactor given in the 3rd term of a claim in which each segment of said induction coil antenna has 
one configuration among (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or (iv) dome 
shape. 

24. The reactor given in the 3rd term of a claim in which at least one of two or more segments of said 
induction coil antenna has the set configuration which consists of at least two of (i) flat form, the (ii) 
cylindrical shape, a truncated-cone (iii) form, or (iv) dome shape. 

25. The reactor given in the 1 st term of a claim in which the part of said chamber wall which does not form 
said protective layer contains the grounded conductive ingredient. 

26. The reactor given in the 25th term of a claim in which said protective layer contains [ said grounded 
conductive ingredient ] an aluminum oxide including aluminum. 

27. The reactor given in the 25th term of a claim in which said protective layer contains a conductive 
ceramic ingredient. 

28. The reactor given in the 25th term of a claim in which said protective layer contains boron carbide. 

29. Said pedestal is a reactor given in the 25th term of a claim which has outside surface area smaller 
enough than the surface area of the inside of the wall of a dirty chamber in order to make it have the 
negative value in which it is combined with the source of RF power and the maximum of said bias voltage is 
possible so that said pedestal may generate bias voltage on the front face of said work piece. 

30. The reactor given in the 25th term of a claim which said conductive ingredient shows the high heat 
conductivity, and is used in order that said wall of said dirty chamber may be equipped with the cooling 
channel which can make the flow of the cooling-medium fluid passing through inside maintain and may 
maintain the temperature requirement of the above-mentioned [ said cooling channel ] in said chamber so 
that heat may be transmitted to a cooling-medium fluid from the interior of said chamber. 

31. The reactor given in the 1st term of a claim which said etchant gas fuel injection equipment is equipped 
with the injection gas inlet arranged in the interior of said wall of said dirty chamber, and is arranged by said 
inlet approaching the field in said chamber which shows comparatively high power deposition. 

32. The reactor given in the 1st term of a claim in which said conductive coil antenna contains a conductive 
ceramic ingredient. 

33. The reactor given in the 1st term of a claim in which said conductive coil antenna contains boron 
carbide. 
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34. The reactor given in the 1st term of a claim which said induction coil antenna equips with the core 
formed with the metal, and the outer jacket fabricated with the conductive ceramic ingredient. 

35. The reactor given in the 34th term of a claim in which said conductive ceramic ingredient contains boron 
carbide. 

36. The reactor given in the 1st term of a claim which it has [ reactor ] the tube structure which said 
induction coil antenna equips with the interior of hollow, and can make the flow of the cooling-medium 
fluid with which the channel formed of said interior of hollow passes along inside so that said antenna may 
be maintained in the above-mentioned temperature requirement maintain. 

37. Dirty chamber which has a chamber wall Etchant gas fuel injection equipment which can introduce an 
etchant gas into said interior of said dirty chamber Pedestal arranged in said dirty chamber in order to hold 
the work piece etched RF plasma dirty reactor equipped with the induction coil antenna which has one 
apparatus structure, is arranged in said dirty chamber, emits RF energy into said etchant gas, and generates 
the plasma by inductive coupling. 

38. The location of said induction coil antenna, a configuration, and the sense are a reactor given in the 37th 
term of a claim which is put together and generates the above-mentioned optimal plasma property near the 
front face of the work piece which receives etching within said chamber and which forms specific RF power 
deposition pattern in said chamber. 

39. It is the reactor given in the 38th term of a claim used by having further at least one grounded shielding 
member which can decrease the amount of RF power from said induction coil antenna by which inductive 
coupling is carried out to the plasma field exceeding said each shielding member in order that said each 
shielding member may support formation of specific RF power deposition pattern in said chamber. 

40. The reactor given in the 38th term of a claim used in order that it may have further the field generator 
which can generate the blocking field oriented so that the number of the etchant gas ion formed of the 
plasma which moves between said induction coil antennas and said work pieces might be reduced in said 
chamber and said field generator may support formation of specific RF power deposition pattern in said 
chamber. 

41 . Said blocking field generated by said field generator is the reactor given in the 40th term of a claim 
which can be changed so that the number of the etchant gas ion which can move between said induction coil 
antennas and said work pieces may be adjusted. 

42. The reactor given in the 37th term of a claim in which said induction coil antenna has one configuration 
among (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or (iv) dome shape. 

43. The reactor given in the 37th term of a claim which has the set configuration to which said induction coil 
antenna changes from at least two of (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or 
(iv) dome shape. 

44. Dirty Chamber Which Has Chamber Etchant Gas Fuel Injection Equipment Which Can Introduce 
Etchant Gas into Said Interior of Said Dirty Chamber In Order to Hold Work Piece Etched Pedestal 
arranged in said dirty chamber It has the induction coil antenna equipped with two or more segments 
arranged in said dirty chamber. It is RF plasma [ which said segment can emit RF energy into said etchant 
gas, and can generate the plasma within said chamber by inductive coupling by being electrically isolated 
from other segments and combining said each segment with separate RF power signal ] dirty reactor. 

45. The reactor given in the 44th term of a claim by which each RF power signal is generated by the 
common RF power source, and said common power source can supply different power level and a 
frequency to each RF power signal. 

46. RF Power Signal Which Has Power Level from which Said Each RF Power Signal is Generated by 
Separate RF Power Source, and Said Each RF Power Source Differs, and Frequency 

The reactor given in the 44th term of a claim which can be supplied. 

47. The reactor given in the 44th term of a claim together put so that specific RF power deposition pattern in 
said chamber with which the location of each segment of said induction coil, a configuration, and the sense 
generate the above-mentioned optimal plasma property near the front face of the work piece which receives 
etching within said chamber might be formed. 

48. Said RF power signal is a reactor given in the 47th term of a claim separately chosen so that formation 
of specific RF power deposition pattern in said chamber may be supported. 

49. The reactor given in the 47th term of a claim used in order that it may have further at least one grounded 
shielding member which can decrease the amount of RF power by which inductive coupling was carried out 
to the plasma field which exceeds said each shielding member from at least one among the segments of said 
induction coil antenna and said each shielding member may support formation of specific RF power 
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deposition pattern in said chamber. 

50. The reactor given in the 47th term of a claim used in order that it may have further the field generator 
which can generate the blocking field oriented so that the number of the etchant gas ion formed of the 
plasma which moves among said induction coil antenna segments between at least one and said work pieces 
might be reduced in said chamber and this field generator may support formation of specific RF power 
deposition pattern in said chamber. 

51. The reactor given in the 50th term of a claim which can be changed so that the number of etchant gas ion 
with which said blocking field generated by said field generator can move between said at least one 
induction coil antenna segment and said work piece may be adjusted. 

52. The reactor given in the 44th term of a claim in which each segment of said induction coil antenna has 
one configuration among (i) flat form, the (ii) cylindrical shape, a truncated-cone (iii) form, or (iv) dome 
shape. 

53. said induction coil antenna — the reactor given in the 44th term of a claim which has the set 
configuration to which one segment changes from at least two of (i) flat form, the (ii) cylindrical shape, a 
truncated-cone (iii) form, or (iv) dome shape even if few. 

54. It is the Approach of Etching Work Piece Held in RF Plasma Dirty Reactor. It is the step which uses the 
dirty chamber which has the chamber wall equipped with the protective layer which forms some walls 
facing the interior of said dirty chamber. The step to which said protective layer can prevent sputtering of 
said chamber wall by the plasma formed within said chamber, Step which introduces an etchant gas into the 
interior of said dirty chamber In order to hold the work piece etched The step which uses the conductive 
pedestal arranged in said dirty chamber, The plasma is generated in said chamber by inductive coupling 
using the induction coil antenna arranged in said dirty chamber. The etching approach of being the step 
which emits RF energy into said etchant gas, and having the step constituted so that said induction coil 
antenna may prevent sputtering of the antenna by the plasma. 

55. The method given in the 54th term of a claim of having further the step which combines said pedestal 
with the source of RF power, and having outside surface area smaller enough than the surface area of the 
inside of the wall of said dirty chamber so that said pedestal may have the negative value in which the 
maximum of said bias voltage is possible so that bias voltage may be generated on the front face of said 
work piece. 

56. Amount of Power by Which Inductive Coupling is Carried Out into Said Chamber is Adjusted by 
Adjusting Amount of RF Power Supplied at Said Induction Coil Antenna. The amount of the power by 
which capacity coupling is carried out into said chamber is adjusted by adjusting the amount of RF power 
supplied to said pedestal. Said amount of inductive coupling and RF power by which capacity coupling is 
carried out The approach given in the 55th term of a claim adjusted while ignition and continuation of the 
plasma within said chamber have been possible so that said reactor can operate over a large pressure range 
since said plasma aforementioned etchant species composition is made and. 

57. an approach given [ equipped with the step which introduces gas from the inlet arranged in the interior 
of the wall of said etching chamber in the location where said step which introduces said etchant gas 
approached the field in said chamber which is comparatively alike and shows high power deposition ] in the 
54th term of a claim. 

58. It is the approach of etching the work piece held in RF plasma dirty reactor. Step which uses the dirty 
chamber which has a chamber wall, Step which introduces an etchant gas into the interior of said dirty 
chamber The etching approach of having the step which emits RF energy into said etchant gas since the 
plasma is generated in said chamber by inductive coupling using the induction coil antenna of the one 
apparatus structure arranged in said dirty chamber. 

59. The method given in the 58th term of a claim of having further the step which generates the above- 
mentioned plasma property near the front face of said work piece which receives etching by forming 
specific RF power deposition pattern in said chamber using the combination of the location of said induction 
coil antenna, a configuration, and the sense. 

60. The approach given in the 59th term of a claim that said step which forms specific RF power deposition 
pattern in said chamber is equipped with the step using said at least one grounded shielding member which 
can reduce the amount of RF power by which inductive coupling is carried out to the field of the plasma 
exceeding each shielding member from said induction coil antenna. 

61 . The method given in the 59th term of a claim of having the step to which said step which forms specific 

RF power deposition pattern within said chamber generates the blocking field oriented so that the number of j 
the etchant gas ion formed of the plasma which moves between said induction coil antennas and said work i 
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pieces might be reduced in said chamber. 

62. The method given in the 61st term of a claim of having further the step which changes said blocking 
field so that the number of the etchant gas ion which can perform migration between said induction coil 
antennas and said work pieces may be adjusted. 

63. It is the Approach of Etching Work Piece Held in RF Plasma Dirty Reactor. Step Which Uses Dirty 
Chamber Which Has Chamber Wall, The step which introduces an etchant gas into the interior of said dirty 
chamber, An induction coil antenna equipped with two or more segments arranged in said dirty chamber is 
used. It is the etching approach which is the step which emits RF energy into said etchant gas since the 
plasma is generated in said chamber by inductive coupling, and each segment is electrically isolated from 
other segments, and is combined with separate RF power signal. 

64. The method given in the 63rd term of a claim of having further the step which generates the above- 
mentioned plasma property near the front face of said work piece which receives etching by forming 
specific RF power deposition pattern in said chamber using the combination of the location of each segment 
of said induction coil, a configuration, and the sense. 

65. The approach given in the 64th term of a claim said step which forms specific RF power deposition 
pattern in said chamber has the step which sets up the level of said RF power signal separately. 

66. The approach given in the 64th term of a claim said step which forms specific RF power deposition 
pattern in said chamber has a step using said at least one grounded shielding member which can reduce the 
amount of RF power by which inductive coupling is carried out to the field of the plasma exceeding each 
shielding member from at least one of the segments of said induction coil. 

67. An approach given [ equipped with the step to which said step which forms specific RF power 
deposition pattern within said chamber generates the blocking field oriented and carried out so that the 
number of the etchant gas ion formed of the plasma which moves between at least one and said work pieces 
of said induction coil antenna segment might be reduced in said chamber ] in the 64th term of a claim. 

68. The approach given in the 67th term of a claim further equipped with the step which changes said 
blocking field so that the number of the etchant gas ion which can perform migration between said at least 
one induction coil antenna segment and said work pieces may be adjusted. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

It has an internal induction coil antenna and a conductive chamber wall. Background of RF plasma dirty 
reactor invention Technical field This invention relates to a reactor which uses an internal induction coil 
antenna and a conductive chamber wall for a detail more about RF plasma dirty reactor. 
Background technique Present shows the usual inductively-coupled-plasma dirty reactor available type to 
drawing 1 . This reactor has the vacuum chamber 10 surrounded by the induction coil 12. Usually, the work 
piece 14 which is a semiconductor wafer is supported inside the chamber 10 on a pedestal 16. In order to 
offer RF power in a chamber, the induction coil antenna 12 is wound around the outside of a chamber 10, 
and it connects with the (radio frequency RF) power generator 1 8 through the impedance-matching network 
20. 

Furthermore, it is used, in order that it may connect with a pedestal 16 and the bias RF power generator 22 
and the related impedance matching circuit 24 may apply bias to a work piece 14. The chamber wall 30 
consists of electrical insulation materials which are usually a quartz or a ceramic so that attenuation of RF 
power combined in a chamber 10 may be minimum-ized. the bottom of the insulating chamber wall 30 — a 
conductor — there is a part of chamber 34 made from the sex ingredient, and the pedestal 16 is surrounded, 
this conductor — the sex part 34 is grounded and is functioning as a gland for RF power supplied to a 
pedestal 16. moreover, the cooling channel 32 — a conductor — it is formed in the sex part 34. A cooling- 
medium fluid is fed through a channel 32, and it carries away heat from the interior of a chamber 10 so that 
it may be maintained by specific level with chamber temperature desirable in the etching process performed. 
It is cooled by the principle same as the exterior of the chamber wall 30. However, since it is not easy to 
fabricate insulating materials, such as a quartz and a ceramic, with an internal cooling channel, the external 
surface of a wall 30 is usually cooled by the forced air convecting method. An etchant gas is introduced into 
a chamber 10 through the gas injection port 26. A vacuum pump 28 exhausts a chamber 10 to request 
chamber **. 

At the time of actuation, an etchant gas is introduced into the interior of a chamber 10, and the plasma is 
generated within a chamber by RF power by which is caused coil 1 2 and inductive coupling is carried out. 
This plasma generates the etchant kind (for example, ion and a radical) used from an etchant gas in order to 
etch a work piece 14. The important element of an anisotropic etching process is the collision with the ion 
and work piece 14 which were generated in the plasma. The energy which ion shows, directivity, and the ion 
density in the plasma are important factors which determine most for the quality of the etched work piece 14 
which is obtained. These factors determine substantially the straightness of the homogeneity of etching, an 
etching rate, photoresist selectivity, and an etching profile, and the smoothness of the side-attachment-wall 
etching description section. For example, in order to avoid isotropic etching and to make an etching rate into 
max, the high plasma ion energy in the front face of a work piece 14 is desirable. However, too high ion 
energy will bring about poor etching results, such as high photoresist loss, and will do damage to the device 
under formation on a work piece 14. Therefore, as for plasma ion energy, it is ideal for etching quality to 
begin degradation substantially and/or to maintain a value the circumference of the bottom and near the in 
the threshold from which damage on a device serves as a rejection. Plasma ion density high for similarly 
maintaining a high etching rate is desirable. There is so nothing with respect to the energy that there is much 
ion, and, essentially, a work piece 14 is etched more quickly. 

In the inductive-coupling reactor of drawing 1 , plasma ion density is substantially controlled by the amount 
of RF power combined in a chamber through a coil 12. Plasma ion density is so high that there is much 
power combined mostly. Therefore, in almost all cases, plasma ion density can be held at desired level by 
choosing RF power of the optimum dose supplied to a coil 12 by RF power generator 1 8. However, RF 
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power combined in a chamber with a coil 12 does not have substantial effect on the plasma ion energy in the 
front face of a work piece 14. Control of the ion energy in the front face of a work piece is performed from 
the former using the bias RF power generator 22 by carrying out capacity coupling of the RF power into a 
chamber through a pedestal 16. Theoretically, the bias power supplied to a pedestal 16 does not affect, has 
substantial **** on the ion density generated within a chamber 10, and it decouples control of ion density 
and ion energy. 

However, the plasma ion energy controlled by bias RF power added to a pedestal 1 6 is influenced by the 
ratio of the surface area of a pedestal to the surface area of the touch-down part 34 of a chamber. A pedestal 
16 acts as cathode, and the touch-down part 34 works as an anode plate, and forms a capacity-coupling 
circuit. Since it is formed with the insulating chamber wall 30 in order for most insides of a chamber 10 to 
make inductive coupling of power max into a chamber from a coil 12, the surface area relevant to the touch- 
down part 34 is restricted inevitably, and is not usually too large to the surface area of a pedestal 16. In the 
conventional inductive-coupling dirty reactor, since the magnitude of the surface area of the touch-down 
part 34 and the surface area of a pedestal 16 approached too much, the problem had been produced in 
control of ion energy. When the surface area of a pedestal 16 is smaller than that of the touch-down part 34, 
the average electrical potential difference (called a DC-bias electrical potential difference in many cases) in 
the front face of a work piece 14 is negative. This average negative electrical potential difference is used in 
order to attract from the plasma the ion just charged in the work piece 14. However, when the surface area 
of a pedestal 1 6 is merely more slightly [ than the surface area of a touch-down (it is usual like / in the case 
of the conventional inductively-coupled-plasma dirty reactor f) part ] small, the average negative electrical 
potential difference in the front face of a work piece 14 is comparatively small. A suction force with this 
weak small bias voltage, as a result comparatively low average ion energy are brought about. In order to 
secure the maximum dirty rate and to secure not doing any substantial damage to the device under formation 
on a work piece 14, either, a negative high bias voltage value is required rather than it is obtained by usual 
using the conventional inductively-coupled-plasma dirty reactor, so that plasma ion energy may be 
optimized. Theoretically, one half of the negative average electrical potential differences in which the 
maximum in the front face of a work piece 14 is possible, i.e., the Py Qu peak voltage, is generated by 
enlarging surface area of the touch-down part 34 enough as compared with the surface area of a pedestal 16. 
The above-mentioned inductive-coupling dirty reactor was used in order to etch aluminum from the front 
face of a work piece 14 conventionally. This etching process had made the by-product in which most 
contains the piece of a photoresist which it tends to deposit on the wall of the reactor chamber 10, and an 
aluminum chloride (AlClx). This by-product of aluminum etching does not have substantial effect on a 
plasma property (for example, the consistency and energy of plasma ion), because, those most — overall — 
un — a conductor — it is because it is a sex. However, other metals, for example, also especially etch copper 
(Cu), platinum (Pt), a tantalum (Ta), a rhodium (Rh), and titanium (Ti), are desired from the front face of a 
work piece 14. the case where etching of these metals uses the conventional dirty reactor of drawing 1 — the 
etching by-product of these metals — a conductor — since there was an inclination used as a sex, the problem 
had been produced, namely, a chamber wall top — a conductor — the sex skin film is formed, this conductor 

— the sex skin film has the effectiveness of attenuating RF power combined in a chamber with a coil 12. A 
coil 1 2 generates a field, consequently power is combined in a chamber, the chamber inside under a coil 12- 

- a conductor — if covered with a sex ingredient, an eddy current is generated in this ingredient, thereby, a 
field will decline to a certain extent and the amount of power combined with the interior of a chamber 10 
will decrease, a continuous etching process — crossing — a conductor — it is alike and takes, and attenuation 
also increases gradually and the power which the sex skin film deposits in the thickness direction and which 
is combined in the plasma decreases gradually. 

To the power combined after 1 00 processings of a work piece, and in the plasma, it became clear that 10- 
20% of reduction occurred, in addition, a conductor — since the sex skin film may combine with the anode 
plate part 34 in which the chamber was grounded electrically, an anode area increases as a matter of fact. 
The increment in this anode area has the inclination to which the above-mentioned negative DC-bias 
electrical potential difference is made to increase. Change of the bias voltage resulting from this changed 
effective anode area brings the increment which is not desirable to capacity coupling of RF power from a 
pedestal. 

Reduction of the inductive-coupling RF power which advances gradually, and the increment in capacity- 
coupling RF power exert the opposite effect on an etching process. For example, plasma ion density falls 
owing to reduction of inductive-coupling RF power, and the increment in capacity-coupling power increases 
plasma ion energy owing to. Since it is usual for RF power level to be set up in advance of an etching 
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process, and to optimize the consistency and energy of plasma ion, can any change have effect which is not 
desirable on etching quality? Change of power association caused by the conductive etching by-product 
which covers a chamber 1 0 affects other etching process parameters and plasma properties similarly. For 
example, photoresist selectivity falls, its etching halt depth decreases, and distribution of the current/energy 
of ion and an etching rate receive a bad influence. These parameters and properties of having changed differ 
and bring about the etching properties of a work piece with many rejected cases (the photoresist selectivity 
which is low degree, the etching rate homogeneity which is low degree or etching rate shift, device damage, 
etc.). Even after etching only 2 and the work piece 14 of three sheets, it became clear that change which an 
etching profile does not have was observed. In addition to this opposite effect exerted on an etching process 
parameter and a plasma property, it became clear that association of RF power into a chamber 10 which 
decreased caused the problem accompanying ignition and maintenance of the plasma. 
Of course, reduction of inductive-coupling power may be compensated by making RF power supplied to a 
coil 12 increase. Similarly, the increment in capacity-coupling power can be compensated by reducing RF 
power supplied to a pedestal 16. furthermore, a chamber wall — un — a conductor — the time of etching 
ingredients, such as aluminum which generates a sex by-product, — usually — needing — it can be washed 
mostly. However, as for the circumference activity of these types, it is common that is not practical. Usually 
priority is given to the user of an etching reactor setting up each RF power level according to what is called 
the "recipe" which a reactor manufacturer offers, from a recipe — separating — a conductor — it is hard to 
accept that a sex deposit must be compensated in almost all users — I will come out. Furthermore, it could 
not opt for required modification of RF power set point needed for compensation beforehand, since the 
above-mentioned opposite effect is considered to be anticipation impossible. Thus, unless a user uses a 
certain gestalt of a monitor plan (monitoring scheme), it will almost be impossible for a user to perform 
compensation modification for which RF power input value is needed. Actually, probably the only solution 
which can be implemented will often be washed after each etching termination as repeatedly as possible. 
However, it will be hard for almost all users to accept this increment in the count of washing (exceeding a 
count required in case aluminum is etched), since a throughput rate is reduced and cost is made to increase 
substantially. 

Another fault accompanying the conventional inductive-coupling dirty reactor as shown in drawing 1 is that 
power deposition (power deposition) and etchant kind diffusion within a chamber 1 0 are restricted according 
to this structure. The power deposition within the chamber 10 of an etching reactor is related to distribution 
of the power inside a chamber. 

For example, since these fields are close to a coil 12, the field 1 1 expressed with the broken line of drawing 
1 shows the power deposition of a high level. However, the work-piece 14 neighborhood of the power 
deposition distant from these fields 1 1 etc. is lower. However, in many applications, it is desirable for the 
field of the chamber in the latest of the exposure of a work piece 14 to present high power deposition. For 
example, the high power deposition near the exposure of a work piece 14 may be advantageously used, in 
order to generate high plasma ion density to the field. If possible, the configuration of a chamber will be 
able to be changed, a coil 12 will be able to be moved and, thereby, the field of high power deposition will 
be able to be close brought by the work piece 14. Various chamber configurations are common knowledge. 
For example, a dome shape chamber is sometimes used and the coil is wound around the surroundings of the 
outside which similarly forms dome shape there. However, when it is going to make the field of high power 
deposition into the most advantageous location to a work piece, there is a limit [ how to form a chamber ]. 
These limits are drawn from the fact of doing effect also with the configuration of a chamber substantial in 
the property of the plasma, and the etching processing parameter relevant to it. Thus, compromise must be 
made between the configuration of a chamber, and the power deposition pattern of the request in a chamber. 
Usually, this checks optimization of the power deposition in a chamber. 

Other above-mentioned factors are etchant kind diffusion. This word points out the inclination of the etchant 
kind which an etchant kind moves to a lower concentration field from high concentration fields, such as a 
field which has the high power deposition which is easy to be formed in large quantities. A diffusion pattern 
can change to another pattern a lot from one pattern depending on the etchant kind of a specific related type. 
Thus, the plasma property (make-up) near the exposure of a work piece 14 can be affected by using the 
diffusion property of the etchant kind which makes the power deposition profile in a chamber and is formed 
into the plasma. Therefore, while obtaining the field 1 1 of the high power deposition distant from the 
exposure of a work piece 14, generating a desired plasma property in the field near [ this ] the front face can 
still be performed. However, when the specific kind expected the diffusion to an about 14-work piece field 
is the type which has a comparatively short life (i.e., when it is too short, the kind will be brought about in 
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the field near the work piece in the diffusion process and the kind does not exist [ by ] any longer), a 
problem arises. It will be useful to bringing the high power deposition field 1 1 close by the work piece to 
use the chamber again made by different form, and, thereby, a desired short-lived etchant kind will be 
making it more possible to reach a work piece 14 during the existence. However, a chamber configuration 
makes this reconstititution balance to the effect affect a plasma property in relation to a configuration, and if 
it is ****, it does not have it. It became clear that the reconstititution of the chamber cannot be carried out to 
extent required for a making [ certainly exist in the front face of a work piece 14 ]-short-lived etchant kind 
of many common knowledge sake. For example, if typical etchant gases, such as the conventional reactor 
configuration shown in drawing 1 and chlorine, are used, before the short-lived kind of C1+ ion of an 
excitation state, C12+ ion, etc. formed in the field 1 1 of high power deposition is extinguished, it will not be 
diffused all over an about 14-work piece field. 

Another fault concerning the conventional inductive-coupling dirty reactor as shown in drawing 1 includes 
cooling of the wall of a chamber 10. When maintained in the range where chamber temperature is narrow, 
the etching process is usually stable chiefly and efficient. However, the heat which raises chamber 
temperature across the narrow range demanded by formation of the plasma is generated. Therefore, in order 
to maintain the optimum-temperature range relevant to the etching process performed, it is desirable to 
remove heat from a chamber 10. as mentioned above, this — the conductor of a chamber 10 — a cooling- 
medium fluid is circulated to the cooling channel 32 formed in the sex part 34, and it usually comes out to 
be carried out by passing air over the exterior of the insulating chamber wall 30. In order to form a chamber 
wall, in that low thermal conductivity is shown, a problem produces electrical insulation materials usually 
used, such as a quartz and a ceramic. Therefore, this chamber wall is heat insulation nature, and cannot 
become an ideal heat transfer medium for taking out into the air which collects heat from the interior of a 
chamber 10, and flows over the outside of a wall. Consequently, since heat transfer from a chamber 10 is 
late, chamber temperature is in the inclination changed rather than the range of desired in the field near the 
insulating chamber wall, it often comes out of this temperature fluctuation to exceed said narrow-width 
range required of efficient etching processing. In addition, these superfluous fluctuation will cause another 
problem. As mentioned above, the etching by-product tends to be deposited on the chamber wall into the 
etching process. In case control of chamber temperature is tried by carrying out air cooling of the insulating 
chamber wall 30, the temperature of the by-product layer formed in a chamber wall and its inside tends to 
repeat (height). This repeat generates thermal stress in an etching by-product ingredient layer, consequently 
it is divided, exfoliates from a wall, and carries out raw [ of the piece of an ingredient which falls to a 
chamber ]. Since a loose deposition ingredient pollutes a work piece, otherwise the bottom of a chamber is 
covered with it, frequent chamber washing is needed. 

It is often desirable to inject etching process gas directly all over the field which has the No.l power 
deposition. In the conventional dirty reactor shown in drawing 1 , these fields 1 1 are in the latest of a coil 
12. However, the way which suits the gas injection port 26 cannot be formed in chamber Kabeuchi near 
these fields of high power deposition without interfering in an induction coil 12 physically. Thus, gas must 
be injected by any of the crowning of a coil 12, and the null part of a coil lower part. Although the flow of 
the gas from these ports 26 could be turned to the field 1 1 of high power deposition when possible, it 
became clear that this approach is insufficient for securing the optimum density of the etchant gas in these 
fields. 

The conventional inductive-coupling RF plasma dirty reactor must also be relatively operated by the low 
pressure (for example, less than 100 mTorrs) as compared with the conventional capacity-coupling dirty 
reactor (it can operate to lOTorr). An etching process is committed the best, when performing by the high 
pressure often exceeding the range of the conventional inductively-coupled-plasma reactor. Furthermore, in 
order to conquer the impedance generated with an insulating chamber wall, and in order to offer sufficient 
power further so that the internal plasma may be lit and the plasma may be maintained, comparatively high 
RF power level must be supplied. Therefore, mass RF power source must be used. 

Therefore, RF plasma dirty reactor which does not receive a bad influence by the conductive etching by- 
product deposited inside a chamber is required. Furthermore, while generating the auto-bias electrical 
potential difference which optimizes an ion collision in a work-piece front face, it is desirable that there is 
also no constraint given with the configuration of a chamber wall, and power deposition can be made in a 
chamber. Furthermore, probably, as for this etching reactor, it will be desirable to have the chamber wall 
which may be maintained in the narrow temperature requirement which optimizes etching processing and 
prevents exfoliation of a deposit. Moreover, it is desirable for a gas injection inlet to be also exchangeable 
anywhere in a chamber wall. And after all, probably this dirty reactor is a pressure with about 100 
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superfluous mTorr(s), and it will be desirable that it is operational using power level lower than the required 
power level supplied to the coil antenna of the conventional inductive-coupling RF plasma dirty reactor. 
Outline of invention The indicated purpose is realized by RF plasma dirty reactor which has a dirty chamber 
equipped with the protective layer which forms some of conductive walls and walls facing the interior of a 
dirty chamber. This protective layer prevents sputtering of the ingredient from the chamber wall by the 
plasma formed in a chamber. If this protective layer does not exist, the ingredient by which the spatter was 
carried out will drop etching process quality from a wall, the work piece which receives etching will be 
polluted, and this will damage the device under generation on it. Preferably, a conductive chamber wall is 
manufactured with aluminum and a protective layer is an aluminum oxide (namely, anode plate-ized 
aluminum). However, protective layers may also be conductive ceramic ingredients, such as boron carbide. 
Moreover, a dirty reactor has the induction coil antenna arranged in the dirty chamber, uses this coil 
antenna, and generates the plasma by inductive coupling. Like the chamber wall, the induction coil antenna 
is constituted so that it may prevent that the ingredient which fabricates an antenna carries out sputtering by 
the plasma. For example, it can also constitute so that it may have a metal core (for example, aluminum) 
equipped with the outer jacket which can also manufacture the whole with conductive ceramic ingredients, 
such as boron carbide, or is fabricated with a conductive ceramic ingredient in a coil antenna. Furthermore, a 
coil antenna could also have the tube structure which has an internal channel in the air. This channel is used 
in order to maintain the flow of the cooling-medium fluid which passes through inside in order to maintain it 
in the already explained temperature requirement, while cooling an antenna. 

The above-mentioned dirty reactor has many advantages which endure the conventional inductively- 
coupled-plasma dirty reactor. Since an induction coil antenna is inside a dirty chamber rather than is wound 
around the circumference of the outside of a dirty chamber, no conductive etching by-products deposited on 
the inside of a chamber wall affect the amount of the power by which inductive coupling is carried out to the 
plasma. This is combined with use of the grounded conductive chamber wall which is examined in a detail 
later, and prevents change which is not desirable as for the above-mentioned plasma property. Using an 
internal induction coil antenna moreover solves the pending question about the configuration and sense of 
an antenna to formation of a chamber. With respect to said consideration about the power deposition pattern 
with which it is suitable with the configuration of a coil antenna with a pattern, and corresponds in a 
chamber, there is no chamber and any advantageous configuration (for example, dome shape, truncated- 
cone forms, or those arbitrary combination) can be used for it. Similarly, a coil antenna can also adopt the 
configuration (for example, a location, a configuration, sense) of the need etc. as attaining a desired power 
deposition pattern. As inquired previously, a desired power deposition pattern gives the optimal plasma 
property near the front face of the work piece which receives etching processing within a chamber. It divides 
to these plasma property and plasma ion density, plasma ion energy, ion directivity, and etchant species 
composition are included in it. Each example of the possible coil antenna configuration for attaining a 
desired power deposition pattern includes manufacturing a coil antenna with the one apparatus structure 
(that is, one conductor wound in the shape of a continuation spiral) where RF power is supplied with the 
single source of RF power, or manufacturing an antenna with segmentation structure. This segmentation 
structure is accompanied by use of an at least two coil segment, and each segment is electrically isolated 
from other segments, and it is combined with separate RF power signal there. Each power signal can be 
acquired from the one apparatus RF source which has the output in which much adjustments are possible, or 
two or more separate RF sources which can be adjusted. An one apparatus coil antenna or each coil segment 
can have a flat form, a cylindrical shape, a truncated-cone form, dome shape, or the combination 
configuration of those arbitration. In addition, if needed, they can be oriented in a chamber, and can be 
arranged, and a desired power deposition pattern can be attained. 

other advantages of the dirty reactor constituted according to this invention — conductors, such as a product 
made from aluminum, — it is involved in a sex chamber wall, a conductor — since a sex coil antenna is 
arranged inside a dirty chamber, it does not need to make a chamber from an insulating material like [ in 
case an antenna is wound around the circumference of the outside of a chamber ]. the conductor of a 
chamber wall — a sex ingredient is chosen by several reasons, the first — a conductor — I hear that **** can 
be grounded and there is. In this case, a wall can be committed as a touch-down object for the above- 
mentioned work-piece support pedestal which is connected to the source of RF power and generates bias 
voltage on the surface of a work piece (that is, anode plate). The inside surface area of a chamber wall far 
exceeds the outside surface area of a pedestal. Therefore, negative bigger bias voltage arises as a result, and 
a powerful ion collision is relatively attained compared with the conventional inductively-coupled-plasma 
dirty reactor, the conductor moreover deposited on a chamber wall from the etching process performed 
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within the reactor since a chamber wall is already conductivity — a sex by-product does not give the 
opposite effect to a plasma property For example, probably, there is no sudden increment in capacity 
coupling of the ion energy produced by the electrical coupling of the touch-down field of a reactor and 
deposit which act as an anode plate of the work-piece pedestal where energy was given, and RF power, 
therefore, the grounded conductor — the conductor with which an etching process covers the wall facing the 
interior of a chamber by using a sex chamber wall combining an internal induction coil antenna ~ even if it 
is the case where a sex by-product is also hung down, it is guaranteed that a plasma property does not 
change. 

conductors, such as aluminum, — the chamber wall made with the sex metal shows high thermal 
conductivity more substantially than the insulating material currently used from the former, such as a quartz 
and a ceramic. This brings about quicker transfer of heat in the cooling-medium fluid which flows through 
the cooling channel formed in the chamber wall from the interior of a chamber as a result. Therefore, it is 
more easy to maintain a narrow chamber temperature requirement and to avoid the problem of the 
conventional dirty reactor relevant to the exfoliation from the crack and chamber wall of a deposit. It is easy 
to form a cooling channel in an aluminum chamber wall moreover rather than it forms in the conventional 
quartz wall, and costs do not start. 

Furthermore, it conceives of the ability of the power deposition pattern in a dirty chamber to also be made 
using cures other than the location of a coil antenna or a coil segment, a configuration, and the sense. For 
example, probably one or the grounded shielding member beyond it (an unit or plurality) could be placed 
between an antenna or an antenna segment, and a work piece, and the amount of RF power by which 
inductive coupling is carried out to the field of the plasma exceeding each shielding member could be 
reduced, the Faraday shield with which these shielding members were grounded, or a conductor — the form 
of a sex screen could be taken. Instead, a field generator could be used and a blocking field could also be 
generated in a chamber. This field will be formed of the plasma, and it will be oriented so that the number of 
the etchant gas ion which can move between an induction coil antenna (or segment) and work pieces may be 
decreased. As for a field generator, it is desirable that a generating field is changeable so that it can be 
included any of a permanent magnet or an electromagnet they are and the number of the etchant gas ion 
which can move between an induction coil antenna (or segment) and work pieces may be adjusted. 
Another cure against a design includes making the power deposition pattern in a dirty chamber, after 
choosing separately the power level of RF power signal supplied to a coil segment (when used). For 
example, RF power signal which shows the high power level supplied to a specific coil segment generates 
the field of the high power deposition contiguous to the coil concerned as compared with the field which 
adjoins the segment of other similar configurations to which the RF signal of low power level is supplied. 
Thereby, still more nearly another advantage of the dirty reactor constituted according to this invention can 
establish an etchant gas port, i.e., an inlet, in a chamber wall about flexibility. In the conventional 
inductively-coupled-plasma dirty reactor, the induction coil antenna had checked inclusion of the gas inlet 
for the chamber wall which adjoins the coil wound outside. Since often [ wanting to inject an etchant gas in 
the field of high power deposition which is formed at the coil antenna latest ], this is a troublesome problem. 
Since an induction coil antenna is arranged in the chamber of the reactor by this invention, this limit in 
arrangement of an etchant gas inlet does not exist any longer. Thus, an inlet can be especially prepared in 
every location in practice [ the chamber wall inside ] in the location of the nearest to a field of high power 
deposition. 

In addition to the above-mentioned advantage of the plasma dirty reactor constituted according to this 
invention, the point that it is changeable when the amount of RF power combined inductively and in 
capacity in a chamber adjusts simply the amount of RF power supplied to the pedestal where an induction 
coil antenna (or segment) and energy were given is pointed out. For example, the capacity-coupling plasma 
can be formed by providing a pedestal and/or a conductive chamber wall with RF power independently, on 
the contrary, an induction coil antenna — or if it corresponds, RF power can be independently given to one 
or the coil segment beyond it by which power is given according to an individual, and pure inductively 
coupled plasma can be formed. Otherwise, a reactor can be operated using mixing of a request of the 
arbitration of inductive-coupling RF power and capacity-coupling RF power. Therefore, a reactor can be 
operated in inductive-coupling mode, capacity-coupling mode, or its combination. This sponsors an 
opportunity to use a reactor, in order to perform various etching actuation over a large process region. 
In addition to the explained advantage, when other purposes and advantages of this invention see in relation 
to an accompanying drawing from the following detailed explanation, they will become clear. 
Explanation of a drawing Consideration of the following explanation, ****** Q f the accompanying claim, 
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and an accompanying drawing of the description, the specific standpoint, and specific advantage of this 
invention will advance an understanding more. An accompanying drawing is explained to below. 
Drawing 1 is the sectional view of the conventional inductive-coupling RF plasma dirty reactor which has a 
cylinder chamber. 

Drawing 2 is the sectional view of an inductive-coupling RF plasma dirty reactor equipped with the dome 
shape chamber which uses a washing electrode. 

Drawing 3 is the sectional view of RF plasma dirty reactor constituted according to the most desirable 
operation gestalt of this invention. 

Drawing 4 A-F is the sectional view which was constituted according to the most desirable operation gestalt 
of this invention, which used the induction coil antenna segment which is isolated electrically and can give 
power separately and where RF plasma dirty reactor was generalized. 

Drawing 5 A-B is the sectional view where the induction coil antenna segment and shielding member which 
were constituted according to the most desirable operation gestalt of this invention, and which are isolated 
electrically and can give power separately were used, and RF plasma dirty reactor was generalized. 
Drawing 6 is the sectional view which was constituted according to the most desirable operation gestalt of 
this invention, was isolated electrically, and used the induction coil antenna segment which can give power 
separately, and the field generator which generates a blocking field and where RF plasma dirty reactor was 
generalized. 

Detailed explanation of a desirable operation gestalt In the following explanation of the desirable operation 
gestalt of this invention, a part of this invention is accomplished and the accompanying drawing which 
showed with drawing the specific operation gestalt with which this invention can be carried out is quoted. It 
turns out that other operation gestalten can be used and a change on structure can also be made, without 
deviating from the range of this invention. 

The reduction problem of RF power inductive coupling to the inside of a plasma dirty reactor chamber 
which considers are recording of the conductive etching by-product to the wall facing the interior of a 
chamber as a cause can approach by some approaches. For example, while being able to use a self washing 
process and performing the etching process itself, a conductive deposit is washed from a chamber wall. As 
for this self-washing process, some chamber walls are substituted for these electrodes including use of the 
electrode with which RF power is given, drawing 2 — dome shape — a chamber — ten — * — induction — a 
coil antenna — 12 — 1 — having — a reactor — being shown ~ as — being such — an electrode — 36 — a coil — 
12 — 1 — the top — arranging — having had — a center — a null — the section — a chamber — ten — ' — a 
crowning — arranging — it can have . Energy is given to an electrode 36 by the RF generator 38 through the 
matching circuit network 40. Energy is given to a low battery by the generator 38 during etching processing, 
and an electrode 36 prevents forming a conductive etching by-product at an electrode 36 or the field latest. 
Probably, this electrical potential difference has enough the low electrode 36 with which energy was given 
to extent which does not have a bad influence on an etching process substantially. However, a cleaning 
effect tends to get worse and the conductive deposit tends to deposit it increasingly, so that the field of a 
chamber wall separates distantly [ electrode / 36 ]. Therefore, in order to be effective, an electrode must be 
mutually brought close and put so that the whole chamber inside which adjoins a coil may fully be protected 
from formation of a conductive etching by-product using many electrodes. However, in order to make it not 
affect an etching process substantially, the electrode only put on the crowning and pars basilaris ossis 
occipitalis of coil 12' must be maintained at the low of extent inadequate for maintaining the whole chamber 
wall near coil 12' at the condition that there is no deposit. Furthermore, an electrode cannot be placed, 
without interfering in the wall (namely, directly under) facing the about 1 2-coil interior with inductive 
coupling of the power to the inside of reactor chamber 10\ therefore, this approach — a problem — reducing 
— although carried out, since it cannot lose completely, other approaches behind considered by this detail 
letter are not desirable. 

Other approaches against the deposition problem of a conductive etching by-product are accompanied by 
heating a chamber wall to the temperature exceeding the deposition temperature of the specific conductive 
etching by-product which caused the problem. However, this approach has a fault similarly. The highest 
operation temperature at which the chamber wall of the usual inductive-coupling dirty reactor as shown in 
drawing 1 may be heated is about 200 Centigrade. High temperature makes the organic substance seal used 
for usual deteriorate, in order to carry out the seal of various access points to a chamber. Some of metals 
which were mentioned above and which are etched generate the conductive by-product which has the 
deposition temperature exceeding 200-degree Centigrade. For example, a conductive by-product is 
generated at the deposition temperature to which both etching of copper and platinum exceeds about 600 
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Centigrade. It may be possible to transpose the organic substance seal used for usual to a metal thing. 
However, such a metal seal is usually only effective to one etching. These metal seal is because it is easy to 
receive the change or physical deformation of metal structure in the elevated temperature which spoils the 
capacity which carries out the seal of the chamber. For example, in about 400 Centigrade, a typical 
aluminum seal deforms and cannot carry out a reuse. Not almost all users can accept easily that the seal in a 
dirty reactor must be exchanged after each etching. Therefore, the deposition temperature of the conductive 
etching by-product which causes attenuation of inductive-coupling RF power is comparatively low (for 
example, if it is the case where an aluminum seal is used Centigrade less than about 400 degrees). 
A more comprehensive solution is desirable although it can use for a case. 

Drawing 3 shows RF plasma dirty reactor which are recording of the conductive etching by-product to the 
wall facing the interior of reactor chamber 10"' consisted of according to the most desirable solution over the 
reduction problem of inductive coupling of RF power which is the cause, the related impedance matching 
circuit 24 which applies RF bias on vacuum chamber 10 the pedestal 16 for supporting m and a work piece 
14, the bias RF generator 22, and a work piece 14 like the conventional inductively-coupled-plasma dirty 
reactor (for example, drawing 1 ), and a desired chamber pressure — a chamber 10 — the vacuum pump 28 
for exhausting 111 is formed. However, the induction coil antennas 44 completely differ. 
The coil 44 is not wound around the outside of reactor chamber 10'", and is arranged inside the chamber. A 
coil is arranged at the place which any coats of a conductive etching by-product of the wall facing the 
interior of a chamber do not reach by this. Therefore, a conductive coat cannot decrease the field generated 
with the coil 44 (or at least part to which it pointed all over the plasma field of a chamber) with which 
energy was given, therefore there is no reduction in inductive coupling of RF power to this field. 
Consequently, there is no difficulty of lighting the plasma in the bad influence to a plasma property or a 
chamber, and maintaining it. Of course, inductive coupling of power and the etching by-product of 44 coil in 
which it may interfere will not be on it, since energy is given during etching processing. Furthermore, since 
an antenna is inside a chamber, the plasma is generable using RF power of lower level. The impedance of a 
chamber wall is because it does not need to be conquered like [ in case the conventional inductively- 
coupled-plasma dirty reactor is included ]. 

The internal coiling 44 equipped with the configuration flat at one apparatus arranged near the summit 
section of chamber 10'" is shown in drawing 3 . This operation gestalt of a coil is one apparatus at the point 
of consisting of conductors wound in the shape of [ which continued electrically ] a spiral. However, a coil 
can instead take various configurations and arrangement within a chamber. Besides, a coil can be 
segmented, it is isolated electrically and those segments can give power separately. Drawing 4 A-F is the 
example of these internal coiling that is segmented and can give power separately. All these examples are 
illustrating the coil which has 1 st coil segment 46 a-f and 2nd coil segment 48 a-f. Energy is given to 1 st coil 
segment 46 a-f through the external RF power source which has 1st RF power generator 50 a-f and 1st 
impedance-matching network 52 a-f. Energy is given through the external RF power source with which 2nd 
coil segment 48 a-f has 2nd RF power generator 54 a-f and 2nd impedance-matching network 56 a-f. 
The separate power source is shown, coil segment 46 a-f and 48 a-f reach, respectively, and RF power is 
supplied to a pedestal 16. This makes it possible to set up the amount and frequency of power separately to 
each of these members, for example, RF power level or the frequency which changes with separate RF 
power generators which are connected to a different coil segment and adjust the spatial distribution of 
plasma ion density „**♦*****-_ y OU m ay apply to a coil segment. If it is some of the above-mentioned 
members, or a request, it will also be possible to prepare a common power source in all. As for this common 
power source, it is desirable to equip each member with the capacity to offer RF power on separate power 
level and a separate frequency. The number of turns of each coil segment shown by illustration by drawing 4 
A-F (similarly one apparatus coil of drawing 3 ) is for [ for the purpose of instantiation ] only. A coil or a 
coil segment may actually be what kind of number. 

The main differences between the reactors shown in each of drawing 4 A-F are the configurations and 
locations of coil segment 46 a-f and 48 a-f so that more clearly than drawing. By drawing 4 A, 1st coil 
segment 46a has a flat configuration, and it is arranged near the crowning of chamber 10'", and on the other 
hand, a configuration is a cylindrical shape and 2nd coil segment 48a is arranged near the side attachment 
wall of a chamber. By drawing 4 B, both coil segments 46b and 48b are flat, it is arranged near the crowning 
of chamber 10'", and 1st segment 46b is arranged in it by the central null section and this alignment of 2nd 
segment 48b. As for drawing 4 C, 2nd coil segment 48c shows the almost same configuration as the coil 
segment configuration of drawing 4 B except for the thing in a chamber further arranged further near the 
lower part and the work piece 14. While 1st coil segment 46d has a flat configuration and it is arranged near 
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the crowning of chamber 10'" by the reactor of drawing 4 D, it has the reverse truncated-cone configuration 
arranged so that a work piece 14 may be surrounded 2nd coil segment 48d. The reactor of drawing 4 A-D is 
shown by cylindrical shape chamber 10'". However, this point comes out so and a certain need is not. Since 
there is an induction coil antenna inside chamber 10'", the configuration of a chamber can be made so that 
the effect affect the plasma may be optimized. In other words, the configuration of a coil is not a technical 
problem already important at the time of a chamber design, therefore a chamber can be constituted by the 
configuration which raises the suitable structure of arbitration, and the specific plasma property that it is 
desirable preferably for the YUTCHINGU activity done by the reactor. For example, drawing 4 E-F shows 
the reactor equipped with truncated-cone form chamber 10"\ In drawing 4 E, while 1st coil segment 46e is 
flat and is arranged near the crowning of chamber 10"\ 2nd coil segment 48e is a truncated-cone form, and 
is arranged near the side attachment wall of chamber 10"'. 2nd coil segment 48f is a reverse truncated-cone 
form, and the reactor of drawing 4 F is similar to the reactor of drawing 4 E except for the point in chamber 
10 m further arranged near a lower part and the work piece 14. Of course, many other chamber configurations 
are possible. For example, probably dome shape is also possible for a chamber, or it could also have the set 
configuration which incorporated two or more configurations among each configuration of the above- 
mentioned dome, a cylinder, and a truncated cone. Since, as for the specific chamber configuration which 
optimizes the request plasma property for the type of etching performed, the range of this invention is not 
just going to reach, detail beyond this is not given here. Furthermore, it can also arrange attaching an 
induction coil antenna or its segment in a chamber wall, or hanging it etc. in a chamber by the approach of 
any or suitable common knowledge. It is common knowledge, and since these approaches do not form the 
new aspect of affairs of this invention, either, the detail beyond this does not describe them, either. 
Drawing 4 A-F shows the induction coil antenna which has the independent two coil segment which can 
give power. However, limitation is not carried out for this invention to this two segment. Rather, the 
segment of the number of arbitration which can give power independently can be used. Furthermore, a coil 
or a coil segment can take any advantageous configurations like the configuration of a chamber. Since an 
induction coil antenna is arranged inside chamber 10"', it can take any configurations for which it asks, 
without being dependent on the configuration of a chamber. Thus, the bargaining point mentioned above 
between the coil and the chamber configuration is not concerns any longer. Although the coil and coil 
segment of a flat form, a cylindrical shape, and a truncated-cone form are only shown in drawing 3 and 
drawing 4 A-F, this invention is not limited to these configurations. Rather, a coil or a coil segment can have 
any advantageous configurations, such as two or more sets, among dome shape or the above-mentioned flat 
form and dome shape, a cylindrical shape, and a truncated-cone form. In addition, there is no intention 
which shows that the location in a chamber with a coil or a coil segment is restricted to the operation gestalt 
of illustration. A coil or a coil segment can be arranged and oriented with any advantageous desirable 
configurations. 

The remarkable advantage which arranges an induction coil antenna in a chamber is a point that power 
deposition may be optimized for the meant etching process which is performed within a chamber, without 
receiving constraint originating in the configuration of a chamber. Placing a coil or a coil segment inside a 
chamber makes possible flexibility remarkable to formation of power deposition. The configuration of a coil 
or each coil segment, a location, and a factor like the sense can be chosen so that the optimal power 
deposition in a chamber may be generated. Moreover, these factors may be chosen even if it takes an 
example by the life of the etchant kind accompanying the diffusion property expected in the specific etching 
process of which it conceived for the reactor, and its process. Furthermore, the amount of RF power 
supplied to a coil or a coil segment can be changed in order to adjust power deposition and etchant kind 
distribution, and it enables this to accept a diffusion property wide range etchant kind type with the same 
coil configuration. As for the configuration of the specific coil which optimizes the power deposition for the 
specific etching process performed, and diffusion of an etchant kind, or a coil segment, and RF power input 
setup to it, the range of this invention is not just going to reach. Therefore, these details are not examined 
here. 

In addition to coil related factors, such as a configuration which can be operated in efforts to optimize the 
power deposition in a chamber, and an etchant kind diffusion pattern, a location, and sense, a shielding 
member or the field can be introduced in a chamber, and these patterns can also be fitted further. For 
example, a shielding member or the field could be used and the plasma ion energy in the specific region of a 
chamber could also be reduced. Drawing 5 A-B (these support the reactor explained in relation to drawing 4 
A-B, respectively) indicates shielding member 58 a-b which is placed between work pieces, adjoins a 
member and affects power deposition to be more than one or it of a coil segment, this shielding member 58 
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a-b — faraday mold shielding or a conductor it is desirable to take the gestalt of a sex screen. Even if it is 
which case, shielding member 58 a-b is grounded. Grounded member 58 a-b decreases the field which 
adjoining one or two or more segments generate, and, thereby, decreases inductive coupling of RF power to 
the plasma of the other side of shielding, in this approach, power distribution of the field exceeding 
shielding member 58 a-b is reduced so that it may be wanted — having -- for example, that field — plasma 
ion energy reduction can be carried out. In drawing 5 A, cylinder shielding member 58a is adjoined and used 
for 2nd coil segment 48a of a cylindrical shape, and RF power in which inductive coupling is carried out to 
the plasma field which exists at the core of chamber 10"' by this segment is reduced. This is an example in 
the case of doing the effect only with substantial one of [ of the coil segments ]. Drawing 5 b is an example 
in case the inductive-coupling RF power from a supercoil segment (multiple coil segments) (two [ in this 
case, ]) declines using shielding member 58b. This shielding member 58b is placed horizontally in the lower 
part of the 1st and 2nd coil member 46b and 48b, and a chamber. This horizontal position causes reduction 
of RF power in which inductive coupling is carried out by each segments 46b and 48b to the plasma field 
which spreads directly on the work piece 14 of the opposite side of shielding member 58b. Thus, a shielding 
member is used in order to affect all the coil all [ one, more than them, or ] used within a reactor. 
Furthermore, in a request, probably two or more shielding members could be used and this task could be 
attained. 

The approach alternative to operating power deposition is introducing the 2nd field into a chamber. As 
shown in drawing 6 , this can be attained by adding the field generator 60 to the outside of chamber 10"\ A 
generator 60 can contain any of an electromagnet or a permanent magnet they are, and generates the field 
which blocks the path of ion in chamber 10'". Thus, if a blocking field is applied between the induction coil 
antenna 44 (or segment of the induction coil antenna which is a case in some operation gestalten of this 
invention), and a work piece 14, it will be prevented that ion reaches a work piece 14. There is so little ion 
which penetrates the front face of a work piece and can collide that this field is strong. As for a generator 60, 
it is desirable for it to be able to adjust in order to change blocking magnetic field strength. In this approach, 
the amount of the ion penetrated to a work piece 14 can be adjusted. Therefore, ion properties, such as ion 
density and ion energy, are controllable on the surface of a work piece by adjusting blocking magnetic field 
strength. 

Still more nearly another advantage which places an induction coil antenna into a chamber is a point that it 
is not necessary to manufacture a chamber by the insulating material. As mentioned above, the part under 
the induction coil of a chamber wall must be manufactured at the charge of a nonconductive material which 
is usually a quartz or a ceramic, in order to prevent the substantial attenuation of the MAG generated with 
the coil which will reduce inductive coupling of RF power to the inside of a chamber. It is not the problem 
which should already take this problem into consideration with the coil of the chamber inside. Therefore, a 
chamber wall can be manufactured with electrical conducting materials, such as aluminum. Much desirable 
effectiveness is acquired by making a chamber wall into conductivity. First, as shown in drawing 3 , 
chamber 10'" can be grounded and works as a touch-down object for RF power supplied through a pedestal 
16. The surface area of chamber ** is more substantially [ than the crawler bearing area used previously ] 
large. Furthermore, the inside surface area of the chamber wall with which this conductivity was grounded 
will exceed greatly it of a pedestal 1 6 which can give RF energy. This makes energy of the more nearly 
optimal plasma ion, and directivity easy for this to generate negative bigger bias voltage and to produce on 
the surface of a work piece. 

a conductor — other advantages which use a sex chamber wall are points which solve the problem which 
considers deposition of the conductive by-product that a plasma property ( for example , plasma ion energy 
and directivity ) receives a bad influence by the electrical-potential-difference shift produce when a 
conductive deposit combines with the touch-down field of a chamber electrically as a cause . Since a 
chamber wall is already conductivity and is grounded, deposition of the further conductive ingredient to the 
inside of a wall is unrelated, and does not have any effect on bias voltage and a plasma property, either. 
The advantage of the last examined about use of a conductive chamber wall is heightened refrigeration 
capacity which such a wall offers. The chamber wall which was able to carry out aluminum shows higher 
thermal conductivity as compared with the quartz wall of the conventional inductively-coupled-plasma dirty 
reactor (aluminum [ as opposed to / For example, / 0.8 W/mK of a quartz ] 204 W/mK). Furthermore, since 
its whole chamber is made of aluminum while the cooling channel 32 is easily formed in an aluminum 
chamber side attachment wall, it can distribute a cooling channel covering the whole chamber wall. It 
becomes unnecessary thereby, to cool the outside of a chamber wall which was required of the conventional 
inductive-coupling RF plasma dirty reactor. It is the very efficient approach of heat transfer to pour a 
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cooling medium through an internal intercooling channel. 

Consequently, heat transfer to the cooling-medium fluid which flows the inside of the cooling channel 32 
formed in the chamber wall from the interior of a chamber is more quick. With this raised speed of heat 
transfer, fluctuation of chamber temperature decreases very much. Consequently, chamber temperature is 
easily maintained within narrow limits required in order to prevent the contamination deposit which breaks 
and exfoliates from a chamber wall in order to secure efficient etching processing. 

However, the conductive chamber wall made with metals, such as aluminum, has the potential fault. Under 
some etching processing conditions, it is tended to carry out the spatter of these ingredients. The ingredient 
which the spatter was carried out and is separated from a wall may pollute a work piece, and may damage 
the device formed on it. This potential problem is prevented by forming a protective film 45 over the inside 
of a chamber wall, as shown in drawing 3 . Since this coat 45 is designed so that it may have resistance in 
the effectiveness of the plasma, the spatter to the inside of chamber 10"' of a conductive ingredient is 
prevented. Furthermore, a coat 45 is carried out design 4 so that it may have the effectiveness which is not 
substantial in the electric and thermal property which a wall shows. When a chamber wall is aluminum, it is 
desirable that an inside is anode-plate-ized. (That is, it is covered with an aluminum-oxide layer) This anode 
plate-ized aluminum layer will offer the protection property mentioned above. A conductive ceramic 
ingredient could be chosen in order to cover the wall facing the interior of a chamber instead, and sputtering 
and surface reaction on a wall could be prevented. For example, boron carbide is suitable selection. 
The same sputtering problem exists in connection with an above-mentioned induction coil antenna or an 
above-mentioned segment. If a coil or a coil segment is formed with a metal, sputtering which this metal by 
the plasma does not have will pollute the work piece, and will corrode coil structure quickly. One solution is 
making a coil or a coil segment from "non-sputtering" conductivity ingredients, such as a conductive 
ceramic like boron carbide. Other possibility, "it will be using the metal core surrounded by the sputtering- 
ed coat. For example, it is the aluminum core covered with the jacket of boron carbide. Also in which 
operation gestalt, a coil is protected from the sputtering effectiveness of the plasma and contamination like a 
work-piece throat is also prevented. Moreover, that the temperature of the coil under etching processing 
must often be adjusted also attracts attention. In such a case, a coil can consist of tube-like structures in the 
air. It becomes possible to feed a cooling-medium fluid through the channel in which this is formed of the 
interior of a coil, a coil is cooled by that cause, and desired working temperature is maintained. 
Furthermore, further another advantage of arranging an induction coil antenna in the chamber of an 
inductively-coupled-plasma dirty reactor is a point that a coil does not determine any longer where an 
etchant gas port can be arranged. As mentioned above, an etchant gas port cannot be arranged in the 
chamber wall contiguous to an external induction coil by formation and feed structure of a channel required 
in order to supply an etchant gas to such a gas injection port, and the reason a coil interferes physically. 
Since it is often desirable to introduce an etchant gas all over the field of high power deposition of the 
chamber wall which adjoins external coiling which is formed inside exactly, this is disadvantageous. Since a 
coil does not block access inside [ through a chamber wall ] a chamber any longer, its location which can 
arrange an injection port increases remarkably, as a result — near [ where a gas injection port has a high 
etchant gas ] the field of power deposition — or it can be arranged so that it may separate from those fields 
and may be introduced. For example, drawing 3 shows the gas injection port 26 arranged at about 44 
induction coil antenna so that gas can be injected to the field 47 of the high power deposition near a coil 
antenna. Therefore, possible port arrangement has far high versatility by the reactor constituted according to 
this invention. 

Thus, in addition to the advantage of the dirty reactor which was explained to the detail and which was 
constituted according to this invention, the point that a reactor can operate in capacity-coupling mode, 
inductive-coupling modes, or any of those combination is also pointed out. If drawing 3 and 4 A-F are 
referred to again, when supplying RF power to a pedestal 1 6, without supplying RF power to a coil antenna 
44 or segments 46 and 48, a reactor operates in capacity-coupling mode. The above-mentioned unsuitable 
surface ratio between a pedestal 16 and the conductive part 34 becomes a cause, and this is impossible in the 
conventional inductively-coupled-plasma dirty reactor. The surface ratio found out by usual by the 
conventional reactor generates inferior capacity power association it is proved that it is that it is inadequate 
for generating the plasma in a chamber. 

Instead, RF power could also be supplied to a coil antenna 44 or segments 46 and 48, without supplying a 
pedestal 16. In this way, a reactor will operate in inductive-coupling mode. 

Inductive coupling is more efficient by the pressure of about 1 mTorr - lOOmTorr, and another side and 
capacity coupling are more efficient by the pressure of about 100 mTorr(s) - lOTorr. Some etching 
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processes and inductive coupling cohere, best performs by the lower pressure, other etching processes and 
capacity coupling cohere and they are performed by best by the higher pressure. The reactor constituted 
according to this invention has versatility higher than any of the conventional inductive coupling or a 
capacity-coupling plasma dirty reactor. That is because etching processing can be supported over a larger 
pressure range. Furthermore, while inductive coupling generates more ion, it generates many neutral kinds 
from capacity coupling. A different etching process or a different step requires more ion or more reactant 
neutral kinds by the result for which it asks in many cases. The reactor constituted according to this 
invention is the approach which cannot be done, and can control the presentation of the plasma by the 
conventional inductive-coupling or capacity-coupling dirty reactor. It is because it is easily changeable by 
changing the amount of the power by which the amount of induction or RF power by which capacity 
coupling is carried out is supplied into a chamber 1 0 at a pedestal 1 6 and the internal coil antenna 44 (or 
antenna segments 46 and 48). For example, since some of etching processes generate the ion-rich plasma, 
while it can perform by much inductive coupling, since other steps generate the reactant neutral-rich plasma, 
they can be performed by much capacity coupling. Furthermore, the induction coil antenna 44 (or segments 
46 and 48) does not need to be the only source used in order to maintain the plasma. Rather, the pedestal 16 
where energy was given is used for the plasma, and it may be partially maintained at least by capacity 
coupling. With respect to power required to fit RF power supplied to an antenna (or segment), and maintain 
the plasma, there is this [ no ] and it makes it possible to generate a desired etchant kind. 
Although this invention quoted especially the desirable operation gestalt and explained it to the detail, it 
cannot be overemphasized that those it is modification or that it is correctable without deviating from the 
true pneuma and the true range of this invention. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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4 I X I No required additional search fees were timery paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



March feeo were accampsnisd by the applicant's protest, 
accompanied the payment ol additional aearch fees. 
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fnis international Searching Authority found multiple (groups of) 
inventions in this international application, as follows; 

1. Claims: 3-7,14,15,23,24,44-48,52.53.63-65 

RF plasma etch reactor comprising an Inductive coil antenna 
with a plurality of segments, which are supplied with 
different power level and frequency, and method of etching, 
which uses this etch reactor 



2. Claims: 37-43, 58-62,2,8-13,21,22.6,7, 

Rf plasma reactor comprising an inductive coil antenna with 
unitary structure and method of etching, which uses this 
olasma reactor 



3. Claims: 1,25-28,30.32-35. 54 



••■^SOT^ptch reactor with structural parts coated with a 
-i '^3roi(ic^iye layer and method of etching, which uses this etch 
jhanib^r 



4. Claims: 16-20,23,24,49-51,66-68,52,53,6,7 

RF plasma etch reactor comprising an inductive coll antenna 
with a plurality of segments and shielding or blocking 
means, and method of etching, which uses this etch reactor 



5. Claims: 29,55.56 



bias of pedestal 

"fC' 1 5. ClaimS-: 31,57 

location of gas inlets 

-H-k ' '"7- 

: -.,-r ; " 

A cofmton concept cannot be seen in a plasma etch reactor having 
chanter walls with a coating and a plasma etch reactor having a 
particular inductive antenna because the coating protects the chamber 
walls whereas the particular inductive antennas are intended to 
generate a uniform etch profile. 

A common concept can also not be recognised for a reactor with a 
unitary antenna structure and a rector with an antenna structure with 
a plurality of segments. There is no common idea behind the unitary 
and the segmented structure. 
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!* The bias voltage of the pedestal and the location have nothing to do 
with each other or the coating or the structure of the antenna. 

'V Ths subject-matter of claims 1-3 and 54 is obvious with regard to 
493 and WO-A-91/ 17562. 


r^fhere f* w n#5ifl!H5i,1dea behind choosing different power levels and 
'":f^equency.^ef 4 t^riisgments of the antenna and the. use of shielding or 
f^^stic 'blocking eleraents. 


The subject first mentioned in the claims was searched for, i.e. the 
group of claims comprising claims 4 and 5. 
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